Methods: Using a population-based registry, we collected data on out-of-hospital sudden cardiac arrests occurring at home or at a residential institution from Apr. 1, 2006 , to Mar. 31, 2007 . We limited the analysis to cardiac arrests in seven metropolitan areas in the United States (Dallas, Texas; Pittsburgh, Pennsylvania; Portland, Oregon; and Seattle-King County, Washington) and Canada (Ottawa and Toronto, Ontario; and Vancouver, British Columbia). Each incident was linked to a census tract; tracts were classified into quartiles of median household income.
Results: A total of 9235 sudden cardiac arrests were included in the analysis. For all sites combined, the incidence of sudden cardiac arrest in the lowest socioeconomic quartile was nearly double that in the highest quartile (incidence rate ratio [IRR] 1.9, 95% confidence interval [CI] 1.8-2.0). This disparity was greater among people less than 65 years old (IRR 2.7, 95% CI 2.5-3.0) than among those 65 or older (IRR 1.3, 95% CI 1.2-1.4). After adjustment for study site and for population age structure of each census tract, the disparity across socioeconomic quartiles for all ages combined was greater in the United States (IRR 2.0, 95% CI 1.9-2.2) than in Canada (IRR 1.8, 95% CI 1.6-2.0) (p < 0.001 for interaction).
Interpretation:
The incidence of sudden cardiac arrest at home or at a residential institution was higher in poorer neighbourhoods of the US and Canadian sites studied, although the association was attenuated in Canada. The disparity across socioeconomic quartiles was greatest among people younger than 65. The association between socio economic status and incidence of sudden cardiac arrest merits consideration in the development of strategies to improve survival from sudden cardiac arrest, and possibly to identify opportunities for prevention.
bourhood characteristics. Individuals of lower socioeconomic status have been found to have a greater burden of risk factors for cardiovascular disease, 13 poorer control of established cardiovascular risk factors 14 and longer delays in seeking hospital care for acute myocardial infarction. 15 Numerous studies have also shown that disparities in health outcomes are apparent across the spectrum of socioeconomic status. 16 A better understanding of community-level patterns in the distribution of sudden cardiac arrest may identify opportunities for improving survival, such as effective targeting of community training for cardiopulmonary resuscitation and placement of automated external defibrillators in lower-income communities. We tested the hypothesis that disparities in the incidence of sudden cardiac arrest by level of socioeconomic status would be evident in a variety of urban communities in the United States and Canada, and that this association would be most prominent among people less than 65 years old residing in US communities.
Methods

Study sites and population
The Resuscitation Outcomes Consortium is a clinical research network focusing on cardiopulmonary arrest and severe traumatic injury in 11 sites across the United States and Canada (see Appendix 1 at www.cmaj.ca /lookup /suppl /doi :10.1503/cmaj.101512/-/DC1). One of the registries it maintains is the ROC Epistry-Cardiac Arrest, an epidemiologic registry of out-ofhospital cardiac arrests assessed by emergency medical services personnel in each area. 17 For our analysis, we included data from the registry for people who had a sudden cardiac arrest from Apr. 1, 2006 1, , to Mar. 31, 2007 . We focused our analysis on data from 7 of the 11 sites: 4 in the United States (Dallas, Texas; Pittsburgh, Pennsylvania; Portland, Oregon; and Seattle-King County, Washington) and 3 in Canada (Ottawa and Toronto, Ontario; and Vancouver, British Columbia). We excluded data from the remaining four sites because of insufficient or incomplete ascertainment of out-ofhospital cardiac arrests by census tract during the study period. Incomplete case reporting was observed from some participating agencies during finite periods. For these periods, cases and their covariates were imputed. 3 Four of the seven sites included in our analysis had no missing incidence data; the remaining three sites had missing data for 2% to 8% of arrests.
Each US site included in this analysis from the ROC Epistry-Cardiac Arrest registry represents a major metropolis and its immediate suburban and rural population. In contrast, the Canadian sites encompass large geographic areas, including smaller cities and large rural areas. Because the socioeconomic status of rural areas may be lower than that of urban areas, 18 the inclusion of rural areas could have confounded our results. Therefore, for the Canadian sites, we restricted our analysis to the census metropolitan area of each site, which encompasses the city and its surrounding suburbs and rural areas, similar to the boundaries of the US sites. 19 To restrict analysis to census tracts with complete information on out-of-hospital cardiac arrests, we used an automated algorithm to exclude tracts with incomplete coverage along the border of the service area of each study site, because service areas did not necessarily overlap with boundaries of census tracts. 
Definition of sudden cardiac arrest
The ROC Epistry-Cardiac Arrest registry contains data on out-of-hospital sudden cardiac arrests evaluated by emergency medical services personnel. The registry includes cardiac arrests for which resuscitation was attempted either by means of external defibrillation (by emergency personnel or lay responders) or by means of chest compressions performed by emergency medical services personnel. It also includes pulseless arrests for which resuscitation was not attempt ed for reasons including clear evidence confirming death or a do-not-attempt-resuscitation directive from a physician.
The cardiac arrests were classified as having an "obvious cause" (noncardiac) based on circumstances and evidence (e.g., chemical, traumatic or asphyxia-induced cardiac arrest) or "no obvious cause" if the cause was uncertain or evidence suggested a cardiac cause. 17 We restricted our analysis to out-of-hospital cardiac arrests with no obvious cause (likely primary sudden cardiac arrest) that occurred at home or in a residential institution such as an assisted-living facility or nursing home. We excluded arrests outside of the home because the socioeconomic status of the arrest location may not be a reliable indicator of individual or neighbourhood socioeconomic status for these people. Also, inclusion of people whose arrest occurred in a public place might confound estimates of incidence rates in metropolitan areas that typically have a large daily influx of people.
Linking cardiac arrests to census tracts
Census tracts, created by the US Census Bureau and Statistics Canada, are defined similarly as relatively small, stable areas with 1500 to 8000 people that are relatively homogenous with reResearch gard to population characteristics, economic status and living conditions. 20, 21 Geospatial measures from the location of the arrest were recorded for each out-of-hospital cardiac arrest. For the US sites, the census tract number was used. For the Canadian sites, the census tract number, or slightly truncated coordinates for latitude and longitude, or Universal Transverse Mercator coordinates were re corded. ArcGIS for Desktop (version 9.2, Esri, Redlands, California) was used to map the coordinates to a Canadian census tract.
Socioeconomic indicators
Individual-and family-level measures of socioeconomic status were not available in the ROC Epistry-Cardiac Arrest registry. For our analysis, we used the median household income within each census tract to characterize area-level socioeconomic status at the location of the arrest. We obtained these data from the US Census 2000 Summary File 3 and the 2006 Canadian census. We converted values to 2006 US dollars using the Consumer Price Index conversion factors to convert the US values (http://oregonstate .edu /cla /polisci /faculty -research /sahr /sahr.htm) and Bank of Canada average exchange rates to convert the Canadian values. On the basis of the median household incomes, census tracts in each study site were grouped into quartiles (low, low-medium, medium-high and high median household income).
Statistical analysis
To compare site-specific incidence across socioeconomic quartiles, we first conducted stratified analyses separately at each site to estimate overall incidence and incidence per quartile. For each site, the numerator for each quartile included all cardiac arrests at home or at residential institutions in census tracts in that quartile, and the denominator included the population of all census tracts in that quartile.
We used Poisson regression analysis to estimate incidence rate ratios (IRRs) and their 95% confidence intervals (CIs) for each site. In these site-specific Poisson models, we evaluated the possible dose-response association between socioeconomic status and incidence of sudden cardiac arrest using models of rates per census tract, with numeric socio economic quartiles (from 1 to 4) to test for trend. This analysis was performed first for all ages combined, then stratified by age (≥ 65 years and < 65 years). Age 65 was chosen as the cut-off because it is the age at which Americans become eligible for Medicare, and thus patterns of health care use related to socioeconomic status may change at this age.
We tiles differed in the United States and Canada, we used a single Poisson model ad justed for site with an interaction term for country and numeric socio economic quartile (from 1 to 4). Then, focusing only on the lowest and highest socioeconomic quartiles to assess the strength of the association between socioeconomic status and sudden cardiac arrest, we evaluated possible differences between the United States and Canada using a Poisson model with terms for site, categorical socioeconomic status (rather than numeric), and an interaction term for country by lowest socioeconomic quartile, with highest socioeconomic quartile as the reference. In these models, we adjusted for population age structure, with a term for the proportion of the population aged 65 or more in each census tract.
Results
A total of 11 698 out-of-hospital cardiac arrests were identified in the seven study sites ( Figure  1 ). Arrests occurring in public or private nonresidential locations were excluded (range 9%-22% across sites), as were arrests with an obvious noncardiac cause (range 3%-16% across sites). After these exclusions, 71% to 88% of the outof-hospital cardiac arrests in the study sites were retained for analysis, for a total of 9235 cardiac arrests likely of cardiac origin occurring in residential locations (n = 638 to 2586 across sites).
The incidence of sudden cardiac arrest varied across the sites, with the US sites generally reporting a higher incidence than the Canadian sites ( Table 1 ). The mean age at which sudden cardiac arrest occurred was lower in the US sites (range 64-69 years) than in the Canadian sites (range 69-70 years). The proportion of patients who were male ranged from 58% to 65% across sites ( Table 1) .
The median household income was similar across sites (range US$50 000-US$63 000), except in Pittsburgh, where it was substantially lower ( Table 1 ). Income inequality, as measured by the ratio of highest to lowest quartile of median income, ranged from 2.2 to 3.2 across sites ( Table 1) .
Site-specific comparisons
At six of the seven sites, the incidence of sudden cardiac arrest was significantly higher in the lowest than in the highest socioeconomic quartile. Site-specific IRRs in the US sites ranged from 1.8 (Seattle-King County) to 2.2 (Dallas); in the Canadian sites, they ranged from 1.1 (Ottawa) to 2.3 (Toronto) ( Table 2 ). The trend across quartiles was significant at each site, with lower socioeconomic status associated with higher incidence of sudden cardiac arrest (p < 0.001).
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CMAJ, October 18, 2011, 183(15) At all seven sites, disparities in the incidence of sudden cardiac arrest across socioeconomic quartiles were greatest among people less than 65 years old. Compared with the incidence in the highest quartile, the incidence in the lowest quartile was two-to fourfold greater in the US sites, and up to threefold greater in the Canadian sites (Table 2, Figure 2 ). As with all ages combined, disparities across socioeconomic quartiles among people younger than 65 were significant at all sites except Ottawa. Among people 65 years and older, the disparities were attenuated in the US and Toronto compared with those among younger individuals, and were reversed in Ottawa (Table 2, Figure 2 ).
US-Canada comparisons
For all sites combined, the incidence of sudden cardiac arrest in the lowest socioeconomic quartile was nearly double that in the highest quartile (Table 2, Figure 3) . After adjusting for site and for population age structure of each census tract, we found that the disparity across socio economic quartiles was greater in the United States (IRR 2.0 v. 1.8) ( Table 2) , with a significant interaction term for country by lowest socioeconomic quartile 
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(p < 0.001). In the model with socioeconomic status quartile modelled from 1 to 4, the slope of the linear trend was significantly steeper in the United States than in Canada (p < 0.001) (Figure 3 ).
Interpretation
In this large, multicentre observational study, the incidence of sudden cardiac arrest was significantly higher in the neighbourhoods of lowest versus highest socioeconomic status in six of the seven metropolitan areas studied. We observed a significant linear trend of increasing incidence of cardiac arrest associated with de creasing quartile of median household income across all sites. The association between socioeconomic status and incidence of sudden cardiac arrest was most apparent among people less than 65 years old and was stronger in the United States than in Canada. Among people 65 years and older who experienced sudden cardiac arrest, significant disparities in incidence across socioeconomic quartiles were observed in only three of the seven sites. Findings from our analysis are consistent with results from the Oregon Sudden Unexpected Death Study, which re ported that the incidence of sudden cardiac arrest in the lowest socioeconomic quartile was about double that in the highest quartile, with a stronger association among patients less than 65 years old. 11 Although the overall incidence of sudden cardiac arrest was higher among older patients, the disparities across socioeconomic quartiles that we observed among patients less than 65 translate to substantial socioeconomic disparities in premature death.
The persistent association between low socioeconomic status and poor health outcomes has been observed in other studies, regardless of access to care. Despite universal health care in Canada, lower socioeconomic status has been associated with an increased burden of risk factors for cardiovascular disease, 13 a decreased likelihood of cardiac catheterization following acute myocardial infarction 22 and a decreased likelihood of receiving an implantable defibrillator among patients admitted to hospital because of heart failure. 23 In the United States, among older individuals with Medicare, low socioeconomic status has been associated with late presentation with acute myocardial infarction. 24 It is unclear why the disparity between socioeconomic status and incidence of sudden cardiac arrest in our study was somewhat more pronounced in the US sites combined than in the Canadian sites combined, although the difference was relatively small in magnitude, and the 95% CIs overlapped. Income inequality was similar across US and Canadian sites. The population prevalence of established heart disease and history of myocardial infarction appear to be similar in the two countries. 25, 26 Measures of socioeconomic status at the census-tract level may reflect individual or neighbourhood socioeconomic status less accurately in Canada than in the United States; this may have resulted in an underestimation of true associations between socioeconomic status and sudden cardiac arrest in Canada. However, census tracts were similarly defined in each country, and median household income was computed in a similar manner.
Another possible explanation for the weaker association between socioeconomic status and incidence of sudden cardiac arrest in Canada may be the access to universal health care. In the United States, uninsured people less than 65 may have more undiagnosed cardiovascular disease or they may not seek care to manage risk factors for cardiovascular disease or to manage established heart disease. Such underdiagnosis or undertreatment could increase risk for sudden cardiac arrest. Our results showing a younger mean age of sudden cardiac arrest in the United States may be consistent with more poorly controlled cardiovascular disease. Previously published US data have shown socioeconomic disparities in the control of risk factors for cardiovascular disease and a decrease in differences after eligibility for Medicare at age 65. 14 Patients of lower socioeconomic status in the United States have also been shown to delay seeking hospital care for acute myocardial infarction. 15 A substantial proportion of patients who have sudden cardiac arrest have symptoms such as angina, dyspnea, nausea and syncope for minutes to hours before the arrest. 27 A delay in calling for emergency medical services could result in a higher incidence of sudden cardiac arrest in the poorer, uninsured population. Other data have shown Canadians to be more likely than their US counterparts to seek preventive care. 28 It is difficult from our current study and others to tease out the potential effects of health care systems, access to care and components of socioeconomic status on individual risk behaviour. Studies in other countries with nearuniversal access to health care have reported socioeconomic disparities in the incidence of sudden cardiac arrest in the United Kingdom 12 and in cardiovascular-related mortality in Israel. 29 Finally, we observed higher absolute rates of sudden cardiac arrest among people less than 65 years old in Pittsburgh than in the other sites. Although the registry data do not include health status information at the census tract level, data from the 2009 Behavioral Risk Factor Surveillance Study indicated that the burden of cardiovascular disease may be unusually high in Pittsburgh: the age-adjusted rate of death from coronary artery disease per 100 000 was 153. 
Strengths and limitations
Among the strengths of our study are its large size, and the availability of data from seven diverse sites in the United States and Canada collected using consistent methodology. A standard definition of out-of-hospital sudden cardiac arrest was used across the study sites, as was an unbiased estimate of socioeconomic status based on high-quality census data. We restricted our analysis to sites with high levels of ascertainment of out-of-hospital cardiac arrests and to census tracts with likely complete reporting of arrests, which limited bias related to incomplete data.
Our study has several limitations. First, we may have introduced bias by including only arrests that occurred at home or at a residential institution. If people of lower socioeconomic status were more or less likely to have an arrest at home, this could affect the study's generalizability. However, because more than 80% of sudden cardiac arrests occur in a private residence, 3 we were able to include most arrests.
Second, although the vast majority of sudden cardiac arrests (> 90%) are due to a primary cardiac cause, 31 a small minority of the arrests included in our study may have been due to noncardiac causes such as pulmonary embolism or aortic rupture.
Third, median household income at the census-tract level may be a more accurate measure of socioeconomic status for younger than for older individuals. Some of the observed differences in the association between socioeconomic status and incidence of sudden cardiac arrest by age group may have been due to differences in how well socioeconomic status was measured for each age group. The use of only census-level measures of socioeconomic status is a potential limitation. Direct inference regarding the effects of individual-or neighbourhood-level socioeconomic status on individual risk of cardiac arrest may not be possible. However, measures of individual and census-tract socioeconomic status have produced similar estimates of association with various health outcomes in other studies.
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Conclusions
The incidence of sudden cardiac arrest at home or at a residential institution was greater in lower-than in higher-income neighbourhoods in the US and Canadian sites studied, although the association was attenuated in Canada. The disparity across socioeconomic quartiles was greatest among people younger than 65. Populationbased interventions to reduce cardiovascular risk factors and treat unrecognized cardiovascular disease in lower-income communities may prove to be effective in reducing disparities in the incidence of sudden cardiac arrest. Also, effective targeting of training for cardiopulmonary resuscitation in lower-income communities with the highest incidence of sudden cardiac arrest may improve survival. Placement of automated external defibrillators in lower-income communities may also help, although only for arrests that occur outside the home.
